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THE 

P H I L O S O P H I C A L  M A G A Z I N E  
A N D  

A N N A L S  OF P H I L O S O P H Y .  

[ N E W  S E R I E S . ]  

D E C E M B E R  1829. 

L X I I .  On the Plans, Arrangements and Methods, TroTosed 
and used b 9 Mr.  lq'. R. Hassler,  with a view to an accurate 
Surve 9 of the Coast of the United States. B 9 the Chevalier 
F. W .  BESSEL, Professor in the Universit 9 of  K6nigsberg*. 

I N 1807, Mr.  Hassler,  then in Philadelphia,  was requested, 
on the part  o f  the Government  o f  the Uni ted  States, to fur- 

nish a plan for the survey of  the whole coast o f  that  country.  
This  was done in a letter to Mr.  Galtatin, which proves great  
insight into the nature  o f  such operations. I t  is evident f rom 
it, that  the survey was to have been a work o f  great  extent, 
and such as should satisfy the requisi tes  both o f  geography  
and of  navigation. 

I n  consequence of  this plan, Mr.  Hass ler  went to Eng land  
to procure  the necessary instruments, &e. A most complete 
apparatus was b rough t  together,  consisting principally, o f  in- 
struments constructed upon Mr.  Hassler ' s  own ideas;  and in 
the year  1816 the operation itself began. I t  appears to Jmve 
been interrupted soon after, and therefore not  to have given 
the expected results t .  

This paper is a translation from Professor Schumaeher's Astronomlneke 
Naehrichten, No. 137, by Professor Renwick of Columbia College, New 
York, and is extracted fi'om Silliman's Journal. The Notes are those of 
the translator. 

t The suspension of the operations for the survey of the coast of the 
United States, begun in so admirable a manner by Mr. Hassler, may be 
considered as a national misfortune. It i~ such in truth, not so much from 
the loss of the previous expenditures, in consequence of the delay, or from 
the deferring of its advantages to a fnture period, as from the fact, that the 
principles and methods proposed, and some of them actually used by Mr. 
Hassler, were in advance of the science of Europe at the period. As these 
principles and methods require tile highest proficiency in mathematical and 
physical science, their application to practice originally in the United States 
would have redounded to the national honom'. 

N.S. Vol. 6. No. S6. Dec. 1829. ~ F But  
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402 Prof.  Bessel's Remarks  on Mr.  Hassler ' s  1Jlanfor an 

But  Mr.  Hass ler  describes his arrangements  and methods 
in a paper  which has also been printed, as an extract  from the 
Philosophical  Transact ions of  Philadelphia,  which contains so 
many  new vie~vs in relation to instruments,  that  I believe I shall 
make an agreeable communicat ion to the readers o f  this jour. 
nal  by  an extract  from this 'paper ,  which has probably  not  be. 
come very extensively known (in Germany)*.  Mr.  Hass le r  
appears by it as a man who would rather think for himself  
than imitate others, and whose arrangements,  therefore, al- 
ways bear an independent character.  

It is to be lamented that  circumstances should have oc-  
cur red  which hindered the complete execution of  the work. 
T o  judge  from the contents o f  the publication, not  only com-  
plete success in reaching the intended object would have been 
obtained, but  also many other usefnl results t .  

Accord ing  to Mr.  Hassler ' s  plan, two observatories were to 
be established, one in Wash ing ton ,  and one in New Orleans$ : 
these were calculated not  only for the purposes of  the survey, 
b u t a l s o  to subserve the general  objects o f  as t ronomy.  O f  
the observatory for Washi~Jgton, the whole plan is given, which 
appears to me very appropr ia te ;  it recommends itself by a 
aninute attention to all that  can secure the accuracy o f  the 
observations ; we miss in it none of  those arrangements  which 
on  this side of  the Atlantic have been made in the most modern  
observatories ; in i t s  special arrangements this observatory 
often agrees with the most modern  one in Germany ,  tha t  
o f  Al tona  §. T h e  instruments are, a transit~ of  five feet, by  

* [And we may say in England also : as we believe not more than two 
or three cop..ies of that paper ever reached this country.. :~E1)IT. Phil.. Mag.-I 

"1" The oplmon thus expressed by Mr. Bessel, is prmsc of the highest de- 
seription ; for no man has ever stood higher as an astronomer than that di- 
stinguished Professor. 

According to Mr. Hassler's originalplan, one of the observatories was 
to have been established in the State of Maine, near the north-eastern 
frontier, the other in Louisiana near the south-western boundary of the 
United States. Circumstances led to the choice of Washington for one; 
the exact place of the other, although it must have been near New Orleans, 
was not decided. 

§ The close coincidence between the plan proposed by Mr. Hassler, for 
the observatory at Washington, and that erected under the st~perintendence 
of Schumaeher at Altona, is very remarkable. This lastly, unquestionably 
the best in Europe, as well as the most modern. Mr. Hass~lr's plans were 
presented t o  our Government in 1816, but his papers were not published 
until 18~6. The observatory at Altona was finished in the last-named year. 
Thus it appears that these two astronomers deduced from obvious principles 
two plans of the closest similitude, each without .any knowledge of the 
other's oroceedinzs, while the American prqieet is prior in point of date 

. . . .  S " ° by several years.--[A drawing of the plan of Schumaeher¢ ,observatory is m 
the possession of the Astronomical Society ofLondon.--ED1v. Phil.Mag.] 

T r o u g h t o n  ; 
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accurate Surv~ of  the United States of  America. ¢0S 

Troughton;  a clock by Hardy  ; and an elghteen-inch repeating 
circle; therewere also to be placed in it, finally, a zenith sector 
and a meridian (murr/1) circle, &c. I cannot describe the 
building in detail, but I will remark that it was to be su'rrounded 
by a ditch, in order the better to avoid the oscillatioias of the 
ground, by the passage of waggons, &c. Th e  pillars of the 
instruments were to be placed upon solid bases six feet thick, 
standing in a cellar of five feet depth, and to pass through file 
floor of the observatory, which was to be supported indepen- 
dent of them. The  axis of the transit is thirty-three inches 
long, which also corresponds to the views of Reichenbach, who 
considers long axes as not advantageous ; the cylindrical parts 
are of  bell-metal, as usual with the English artists. The  sup- 
ports are not between the pillars, but upon them; a strong 
metal plate is fixed upon the middle of the pillar, bearing the 
parts which move the Ys, and these are moved in the direction 
of  the meridian by screws, by which the adjustment to that 
direction is made; the usual vertical screw is not in the ar- 
rangement;  instead of this, the piece bearing the Ys is formed 
like an arch, the middle of which is supported by a screw, the 
higher or lower position of which elevates or depresses it by 
the different degree of tension of the metal which is produced 
by the action of the screw and its own elasticity. This me- 
thod promises to secure complete stahility : but it is supposed 
that the two pillars have the same altitude, and also that no 
remarkable change should take place in them. The  counter- 
poising apparatus is placed about five inches from the end, 
and consists of  springs, which press rollers under the axis, per- 
forming what Reichenbach effects by levers and weights. By 
Mr. Hassler's arrangement, this counterpoising apparatus 
occupies the place on the pillars, which the supports formerly 
did ; this arrangement, likewise, appears to me good : whether 
it would be applicable to very heavy instruments, remains still 
to be tried ~. The  two conical axes are not joined by a cube 
in the centre, but by a zone of a sphere of eight inches diame- 
ter, to which the two parts of the telescope tube are screwed ; 
this arrangement is made with a view to greater stability. 

Of  the other instruments of Mr. Hassler it will not be pos- 
sible to give an adequate description without drawings, but 
I may however indicate some of their peculiarities. T h e  theo- 

• The transit of the observatory at Greenwich is adjusted in this man- 
ner; and as it is ten feet in length, the doubt whether the plan be applicable 
to lalge instruments is settled by actual experience.re[The tranm instru- 
ment at Greenwich is not counterpoised.--Ezxr. Phil. Mag.] 

3 F 2 dolite 
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404 Prof. Bessel's Remarks on Mr. Hassler's plan for an 

dolite of two feet, not constructed for repetition, appears to me 
to possess a peculiarly good construction. From a hexagonal 
centre-piece emanate six horizontal conical arms, whose bases 
a r e  three inches, and ends one inch and a half in diameter. 
Upon these arms the two-feet horizontal circle is made fast; 
three of  these cones are longer; these contain at their ends the 
screw-work for the stands by which the instrument re~ts upon 
three vertical cones of brass, fastened to the wooden stand of 
the instrument; between this and the six horizontal conical 
arms there is room for the verification telescope, which has 
precisely the arrangement of a transit, and hangs in its Ys, 
which are fastened underneath to two opposite radii. This 
telescope has no lateral motion, but the wires in the focus are 
directed by means of a screw, to the object which is taken as 
the point of comparison during an observation. In the same 
hexagonal centre-piece is fastened the vertical axis, eleven 
inches long, and two inches in diameter. Upon this revolves 
a drum nine inches in diameter, and five inches and a half high ; 
upon the upper surface of this, stand two columns bearing the 
Ys for the transit telescope by which the observations are made; 
this is a complete transit, and the columns are sufficiently ele- 
vated to allow its passage through the zenith. The horizontal 
angles are measured by the revolution of this upper p a r t o f  
the instrument upon tile vertical axis, and are read off by three 
microscopes, which are fixed at the end of as many conical 
arms, coming from the central drum, each having a microme- 
ter screw. The illumination is made through the axis of the 
telescope, the one side of which is perforated, the other has an 
altitude circle of six inches diameter. The axis is about twelve 
inches long, which is more than the interval between the co- 
lumns. Its supports are therefore set upon pieces of brass, 
elevated above the columns, and extending outwards; they 
have the same kind of vertical adjustment as the large transit 
described above. 

In relation to the observations with this instrument, Mr. 
Hassler properly remarks : that the eccentricity is equally cor- 
rected by means of three equidistant readings, as by two, four, 
or so on ; he also shows that when the vertical axis is not per- 
pendicular to the plane of the horizontal circle, the errors of 
the angle will be corrected if the position of the instrument's 
place is alternately changed to the three truncated cones of 
the stand, so as to give the three regularly succeeding posi- 
tions of a full revolution. These three observations, each made 
in the two diametrically opposite positions of the telescope, and 
by a half revolution of the instrument, give a mean which is 

free 
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accurate Survey of  the United States of  Araerica. 405 

free from eccentricity, from any error arising from the incli- 
nation of the circle towards the axis, or from any inequality 
in the supports of the axis, the readings being besides made 
"upon twelve different parts of the division. This two-feet theo- 
dolite is very properly considered as the main instrument for 
the survey. For the other observations, repeating circles of 
eighteen inches, repeating theodolites of twelve inches, and re- 
peating reflecting circles of ten inches diameter, smaller theo- 
dolites, needles, plane-tables, &e. are provided. To the most 
of these instruments Mr. Hassler has given a peculiar con- 
struction, but it would be too long, and perhaps without figures 
not sufficiently intelligible, to give a description of them here. 

As signals Mr. Hassler employed truncated cones of block- 
tin, about nineteen inches high, seventeen inches diameter at 
bottom and fourteen at top; these were erected upon poles 
eight feet high, and rendered the best services. At a distance 
of about forty (English) miles they appeared as a luminous 
point, when the sun stood so that the rays of it were reflected 
towards the observer, which lasted during a sufficient length 
of time. At shorter distances the light was so strong, that a 
dark glass was often required for the observation. Here the 
same principle is made use of which in Mr. Gauss's heliotrope 
produces sneh a decided effect; but the advantages of the 
different arrangements are very unequal, because the cones of 
Mr. Hassler do not constantly reflect an inaage of the sun to 
the observer, while the heliotrope is constantly kept in the 
proper position to produce this effect. I f  the angle of th~ cone 
is represented by'2 m, then the cosine of half the azimuthal 
angle, when light shall be reflected to the observer, must be 
equal to the sine of half the sun's altitude divided by the sine 
of m. This would take place only during a moment if the 
sun had no diameter, and generally speaking, one signal would 

• be invisible, when the other is visible ; but as m is only a small 
angle, in the cones used by Mr. Hassler it is only ¢° 38 r, and 
as from the altitude of the sun, on account of the magnitude of 
its disk, two limits may be assumed which are at 321 distance 
from each other, the azimuthal distance corresponding to the 
altitudes of the sun, which admit of a reflection to the ob- 
server in a direction nearly horizontal, has a considerable 
magnitude within these limits. Yet it can have rarely hap- 
pened, that both the signals needed for the measurement of an 
angle, eould have shown at the same time an equally well re- 
fleeted image of the sun; it seems therefore that the use of 
these signals might rather be recommended in particular cases 
than generally. However, Mr. Hassler says, that even with- 
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4.06 Prof .  Bessel's Bxmarks on Mr.  Hassler ' s  pt'anfor an 

out  the direet light o f  the sun, they also rendered good  ser- 
vice, and were visible at great  distanees*. 

Mr.  Hass le r  has also communicated  his methods for the 
comparison o f  the s tandard measures o f  length, and the re- 
sults o f  their application ; we gain by this a new comparison 
o f  the French  and English measures,  which I shall quote more  
in particular.  T h e r e  were three meters present. One  o f  
iron, whieh was one o f  those made by the eommittee o f  weights 
and measures in Paris  1799, and distributed as authentic 
among  the foreign deputies ; the two others, the one brass, the 
other  iron, were Lenoir 's ,  but  not  eompared directly with the 
original, they therefore were not  considered as prineipal in the 
results o f  comparison. "Th6se meters were compared  with a 
scale o f  Trough ton ,  o f  eighty-two inches in length, divided 
upon  silver to tenths of  inehes, to which is added a mierome-  
trie apparatus  to take off measures f rom the seale. Instead o f  
the usual method  in compar ing  a meter  d bouts with one d 
traits, to place butt ing pieces with lines drawn near  to the end 
o f  them, the distances o f  which are measured by the micro-  
scopes when these pieces are laid together,  ]VI~'. Hass le r  em- 
p loyed the end planes themselves ; for t h a t  purpose he  con-  
s tructed the butt ing pieces exactly o f  the same thickness as 
the meters, and obtained, by  the close juxtaposition o f  both,  
a line, which presented itself like a division line o f  the scale. 
B y  means o f  several experiments  (reduced to $2 ° Fahr .  and 
adopt ing the expansion of  the iron and the brass, as Mr.  Hass -  
le t  determined it by his own experiments,  namely between the 
point  o f  melting ice and the boiling heat  of  water ;) 

iron = 0"0012534363 
brass - -  0"0018916~54 

To use the heliotrope, two conditions are indispensable; the atten- 
dance of an assistant at each signal station to direct it to the observer, and 
its actual illumination by the rays of the sun. Had Mr. Hassler's operation 
been intended to include no more than a net-wol'k of great triangles, the 
heliotrope might perhaps have been used, as no more than two signals need 
have been observed from each station, mad two assistants would have suf- 
ficed for their management. But the survey being necessarily conducted 
with a view to its immediate application to geographical and hydrographi- 
cal purposes, it would have been necessary to multiply the signals to such 
an extent as to have rendered it impossible to employ so many separate 
attendants. Mr. Hassler's signals also answer welt even in a cloudy state of 
the atmosphere, if the other circumstances be favourable, as frequently hap- 
pens. The objection that two signals could rarely have shown an equally 
well-defined image of the sun does not hold good, when a fixed instru- 
ment observing without repetition is employed. We cannot therefore but 
think, that for all general purposes the signals of Mr. Hassler are prefer- 
able to the heliotrope of Gauss. 
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accurate Survey of  the United States of  America. 4,07 

the length of the meter was determined to be 39"381022708 
inches of the scale, which, as the standard temperature of the 
English measure is 62 ° Fahr., gives the length of the meter in 
English inches 

_ 39.381o~708 
1.000~315~70~-- 39"36861 English inches. 

The  two other copies of meters give less (0'001 inch); but these 
were compared both with the scale of Troughton in Ame- 
rica and that which this artist himself uses in London, and 
had upon both very nearly the same length ; whence it may 
be concluded, that both English seales agreed very nearly. 
Thus  according to Mr. Hassler's comparison the meter is 
39"36861 English inches : according to the comparison of two 
other copies by Kater  = 39"37079. According to vol. iii. of  
Base du Syst~me Metrique, page 4,69, the meter of platinum 
was = 39"382755; that of iron ---- 39"38264,9: both measured 
upon the brass scale of Mr. Pictet, reduced to the temperature 
of melting ice; at a mean = 39"3827, which, according to 
Borda's expansion for brass (0"00178S, by which the experi- 
ments made in Paris were reduced to the point of melting ice, 
from a temperature = 12°'75 Centigrade, at which they were 
made) gives 39"37100." The  two last comparisons agree very 
nearly, and their difference lies entirely within the limits of the 
uncertainty of thermometrieal influence. The  authentic meter 
of Mr. Hassler appears, however, really to be shorter, though 
it could be brought nearer to the others, by adopting other 
proportions for the expansion of metals*. This, however, ap- 
pears not to be allowable, when the results of different com- 
parisons are to be collected; for the determination of the ex- 
pansion is as important as the comparison itself; therefore, 
each observer must remain answerable for that one which he 
adopts. I think it should be inquired whether two metals of 
the same chemical composition have the same proportion of  
expansion ; or if a small chemical difference may not have a 
remarkable influence upon it; this investigation is more easy 
than that of the absolute expansion itself. I t  can be known only 
after a previous experiment of  this kind, whether the results 
of the two observers must agree in the same metal ; or whether 
it is really necessary to determine the expansion of each piece 

* The meter used by Mr. Hassler in his comparisons, and which the 
Chevalier Bessel suspects to have been too short, was an original issued by 
the French commission, and is therefore far more authentic than the copies 
used by Kater. We are happy, however, to be able to state, that Mr. Hass- 
ler has recently been engaged at Washington in further comparisons, and 
will probably make his results public in a ~hor~ time. They are said fully 
to confirm his former experiments. 
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408 Prof. Bessel's Remarks on Mr. Hassler's plan for an 

of metal in particular ; I fear that without this inquiry there 
must always remain an uncertainty in respect to the compari- 
sons of  standard measures *'. 

Among the various copies of  the toise, which Mr. Hassler 
compared with the English scale, that constructed by Lenoir  
and compared by Messrs. Bouvard and Arrago appears worthy 
of  being accepted as authentic. When  both measures are at the 
temperature of melting ice, this toise measures 76"74192710 
inches o f  the scale of Troughton.  By the normal tempera- 

I'0002036843 _ 
ture of  both, = 76"74192710 vooo31527o9 -- 76"73336 English 
inches. 

As the  meter is = 44S'296 lines of the toise (Base Melrique, 
tom. iii. page CSS), the proportion between the English and 
French feet, according to Mr. Hassler, will be by the 

39"36861 
meter "-- ~ 1 2  = 1"065706S, 

toise 76"73336 --  = 1"0657411. 72 
According to Kater's comparison it is = 1"0657652. 

I t  appears then, that the different copies of the meter do 
not always agree together. Mr. Hassler deduced from several 
comparisons the value of the meter in parts of the toise, but 
this I consider is not allowable ; for the ratio between the two 
is determined by a law, by which the meter has received its 
true definition; and the earlier one, that it shall be the ten- 
millionth part of the earth's quadrant, was lost. I f  certain 
copies o f  these measures do not agree together, it shows only 
that the law is not exactly fulfilled by them ; and as it is much 
more difficult to transfer to another metallic bar 463,296 lines 
of  the toise than the whole length of  the toise, the compari- 
son of the meter is a circuitous and unprofitable way, as long 
as the toise itself is  yet obtainable as easily as it was at the 
time of  the construction of  the meter. 

T h e  apparatus which Mr. Hassler had constructed for the 
measurement of the base line, differs essentially from all that 
are known to me; therefore I will describe it somewhat more 
particularly. The  ends of the bars are not planes, but cut out, 

so that viewed from above they present the form i~ ; over this 
P 

L 

middle excavation the hair of the spider's web is stretched, 
which therefore indicates the end of the bar;  over each of  the 

Copies of the meter have been made of platinum, but it will be ob- 
vious from these remarks of Bessel, that it is by no means a fit substance 
for such purposes, inasmuch as it is both difficult to work and to free from 
adventitious substances. 

ends 
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accurate Survey of the United States o/America. ¢09 

ends a compound microscope is placed, which stands upon a 
separate support, and therefore does not change its place when 
the bar is moved or taken away. When this microscope is 
placed over the spider's web, the place of the end of the bar 
is determined by it; the bar then can be taken away, and the 
other end of it can be made to coincide with the point where 
the first had been before seen to coincide with the cross strokes 
of the microscope, which in the mean time has retained its po- 
sition independently. The microscope has the following ar- 
rangement: the object-glass consists of two half lenses of dif- 
ferent loci, one of which makes, in the focus of the eye-glass, 
an image of the spider's web of the bar, and the other an image 
of two rectangular crossing black lines, drawn upon an ivory 
plate, which is fastened to the microscope: this arrangement 
can be elevated and lowered, and moved in two horizontal di- 
rections at right angles to one another. In the use, the stand 
being first properly placed, the microscope is brought to that 
elevation in which the spider's web thread is distinctly visible, 
then it is moved until this thread appears exactly to cut the 
cross upon the ivory plate; the bar is then removed and ad- 
vanced one length forwards, the end of it is next brought into 
the proper position by the mechanism of the bar, and it is 
moved by it until the spider's web of this other end coincides 
again by an optical contact with the cross on the ivory plate. 
Of these microscopes there are three with all their arrange- 
ments; the last ones always remain standing during the next 
subsequent operation, that in case of any accident the work 
might be begun again from them. The bar itself is a junction of 
four pieces, each of two meters in length, held together by iron 
damps; the inclination of this bar to the horizon is measured 
by a sector, nearly as in Delambre's apparatus. When the 
work is interrupted during the night, the last position of the 
bar and the microscopes remain undisturbed in their position 
until mornin The arrangement of the boxes in which the g ° °  . 
bars are contained and the mechamsm of the movements ap- 
pear to me very well planned. 

From what little I have quoted, it may be easily seen, that 
the paper of Mr. Hassler deserves the attention of those who 
take an interest in the mechanical arrangements necessary in 
practical astronomy and geodesy. It is to be lamented, that 
such a complete apparatus as that now on hand in America~ 
has not been applied according to its intention and by its au- 
thor. F . W .  BEss~L. 

~LS. Vol. 6. No. $6. Dec. 1829. S G LXII I .  On 
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